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SECTION A 

1. (short)
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SECTION B 

6 (short)  

(a) The signal exhibits a momentary state change when it is expected to stay intact primarily 

due to propagation delays in the circuit. Static 0 and 1 hazard occur when the signal is expected 

to stay at 0 and 1, respectively.  

 

 

 

 

(b)   

1 1 0 0 

1 1 1 1 

0 0 1 1 

0 0 0 0 

This is the Karnaugh Map for function F. Clearly, for D=1 and C=0, 𝐹 = �̅� + 𝐴  which 

corresponds to the static 1 hazard situation. To address this hazard, the terms corresponding to 

the red rectangle in the K-map above, i.e., 𝐶̅𝐷, could be added to the function F, i.e., 𝐹 = �̅�𝐶̅ +
𝐴𝐷 + 𝐶̅𝐷 

Similarly, we can obtain the complement of the function to see if there is a static 0 hazard, i.e., 

�̅� = �̅�𝐶 + 𝐴�̅�      → 𝐹 = �̅�𝐶 + 𝐴�̅�̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = �̅�𝐶.̅̅ ̅̅̅ 𝐴�̅�̅̅ ̅̅ = 𝐴. �̅�  when C=1, D=0. Hence, there is a static 

0 hazard. To mitigate it, the terms corresponding to the blue rectangle in the K-map, i.e., 𝐶�̅� 

could be added to the complement of the function F, i.e., �̅� = �̅�𝐶̅ + 𝐴𝐷 + 𝐶�̅�.  
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7 (short)  

(a) 4 states required as in the state diagram below and therefore 2 bistables will be sufficient to 

implement the circuit.  

 

 

 

 

 

 

 

 

 

 

 

(b)  

 Current State Next State Bistable Inputs 

X A B A B JA KA JB KB 

0 1 1 1 0 X 0 X 1 

1 1 1 1 1 X 0 X 0 

0 1 0 1 0 X 0 0 X 

1 1 0 0 1 X 1 1 X 

0 0 1 0 0 0 X X 1 

1 0 1 1 1 1 X X 0 

0 0 0 1 0 1 X 0 X 

1 0 0 1 1 1 X 1 X 
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8 (short) 

(a) 211x8 bits = 2048 bits =2KBytes is the capacity of the memory chip. 

 

(b)  

D800H →  1101 | 1000 | 0000 | 0000  

DFFFH →  1101 | 1111 | 1111 | 1111  

                    5-bits CS   11-bits the address space 

→ 𝐶𝑆̅̅̅̅ = 𝐴15𝐴14𝐴13
̅̅ ̅̅̅𝐴12𝐴11

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ 

 

 

  

    

2 

 

 

 

3. (a) Figure 1(a) shows a microprocessor connected to a memory chip that is organised for 8-bit 

data.  What is the capacity of the memory chip in bits, and what addresses will it occupy in 

the memory map of the microprocessor. 

 

 (b) Figure 1(b) shows a similar microprocessor connected to a different memory chip.  Copy 

the diagram and add address decoding logic to locate the chip in the microprocessor 

memory map from 0x0300 to 0x037F. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 

 

 

4 (a) A programmer wishes to use bits 3-5 and bits 0-2 of the GPIO register of a PIC 

microcomputer as input and output ports respectively.  Draw a flow diagram to show how 

data at the input port can be transferred to the output port repeatedly.  (Use operations such 

as "Load W from memory location ...", rather than the actual code.) 

 

 (b) If the input data is a sequence of numbers in 2's complement form (i.e. top bit of three bit 

word determines sign), draw a new flow diagram which sends only positive numbers to the 

output port. 

 



9 (long)  

(a)  

Current State Next State 

J3 K3 J2 K2 J1 K1 J0 K0 Q3   Q2    Q1   

Q0    

Q+
3 Q+

2  Q+
1  

Q+
0    

1 1 1 1 1 1 1 0 X 0 X 0 X 0 X 1 

1 1 1 0 1 1 0 1 X 0 X 0 X 1 1 X 

1 1 0 1 1 1 0 0 X 0 X 0 0 X X 1 

1 1 0 0 1 0 1 1 X 0 X 1 1 X 1 X 

1 0 1 1 1 0 1 0 X 0 0 X X 0 X 1 

1 0 1 0 1 0 0 1 X 0 0 X X 1 1 X 

1 0 0 1 1 0 0 0 X 0 0 X 0 X X 1 

1 0 0 0 0 1 1 1 X 1 1 X 1 X 1 X 

0 1 1 1 0 1 1 0 0 X X 0 X 0 X 1 

0 1 1 0 0 1 0 1 0 X X 0 X 1 1 X 

0 1 0 1 0 1 0 0 0 X X 0 0 X X 1 

0 1 0 0 0 0 1 1 0 X X 1 1 X 1 X 

0 0 1 1 0 0 1 0 0 X 0 X X 0 X 1 

0 0 1 0 0 0 0 1 0 X 0 X X 1 1 X 

0 0 0 1 0 0 0 0 0 X 0 X 0 X X 1 

0 0 0 0 1 1 1 1 1 X 1 X 1 X 1 X 

 

(b)  

   

J0      K0 

  

  

  

  

  

  

 

    

𝐽0 = 1      𝐾0 = 1    
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 10 X 1 1 X 



J1      K1 

      

   

 

𝐽1 = 𝑄0
̅̅ ̅      𝐾1 = 𝑄0

̅̅ ̅ 

J2       K2 

 

  

 

   

 𝐽2 = 𝑄1
̅̅ ̅. 𝑄0

̅̅̅̅       𝐾2 = 𝑄1
̅̅ ̅. 𝑄0

̅̅̅̅  

       

J3       K3 

       

 

 

𝐽3 = 𝑄2
̅̅̅̅ . 𝑄1

̅̅ ̅. 𝑄0
̅̅̅̅     𝐾3 = 𝑄2

̅̅̅̅ . 𝑄1
̅̅ ̅. 𝑄0

̅̅̅̅  
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 00 X X 0 1 

 01 X X 0 1 

 11  X  X 0 1 

 10 X  X 0 1 
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Q3Q2  

 00 01 11 10 

 00 1 0 X X 

 01 1 0 X X 

 11 1 0  X X 

 10 1 0 X X 

 Q1Q0     

 

Q3Q2  

 00 01 11 10 

 00 1   0 0 0 

 01 X X X X 

 11  X  X X X 

 10 1  0 0 0 

 Q1Q0     

 

Q3Q2  

 00 01 11 10 

 00 X X X X 

 01 1 0 0 0 

 11  1 0  0 0 

 10 X X X X 

 Q1Q0     

 

Q3Q2  

 00 01 11 10 

 00 1  0  0 0 

 01 0 0 0 0 

 11  X X X X 

 10 X X X X 

 Q1Q0     

 

Q3Q2  

 00 01 11 10 

 00 X X X X 

 01 X  X X X 

 11  0  0 0 0 

 10 1  0 0 0 
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(d) 
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SECTION C 

10 (short)  

 

QBL + QBR = Q 

QA = - QBL; QC = - QBR 

(a) DA * A = QA = α1 * A 

εr * EAB = α1; εr * EBC = α2 

VAB = EAB * d1; VBC = EBC * d2; 

EAB * d1 = EBC * d2; 

𝛼1

𝛼2
=

𝑑2

𝑑1
= 2 

QA = QBL = -2.0 × 10-7 C 

QC = QBR = -1.0 × 10-7 C 

(b) VAB = VBC = EAB * d1 = (α1 * d1)/ εr = 2.3 × 103 V 

  

   

    

  

    

          



11 (short)  

 

The location that B=0 must be within the same plane with the three wires. Assure the location that 

B=0 is x away from the central wire, and so the total B can be given by: 

Btotal = B1+B2+B3 

𝐵𝑡𝑜𝑡𝑎𝑙 =  
µ0𝐼

2𝜋𝑥
+  

µ0𝐼

2𝜋(𝑑 + 𝑥)
−  

µ0𝐼

2𝜋(𝑑 − 𝑥)
 

Let Btotal = 0, 𝑥 = ±
1

√3
𝑑 = ±0.5773 d; 

𝑥 = 0 would also be a solution. 

 

  

 

 

 

 

 

 

    

     



12 (long)  

(a) Electric filed: 

At R=1.0 cm, inside the conducting sphere, so E=0; 

At R=3.0 cm, 

𝐸 =
𝑄

4𝜋𝜀0𝑅2
= 3 × 105𝑉/𝑚 

At R=6.0 cm, outside the outer surface that got connected to earth, 

So E=0. 

 

(b) Capacitor of the concentric spheres: 

𝑄 = 𝐶𝑉;  

𝐶 =
𝑄

𝑉
 

𝑉 = ∫
𝑄

4𝜋𝜀0𝑅2
𝑑𝑟 =

𝑄

4𝜋𝜀0
(

1

𝑅1
−

1

𝑅2
) 

𝐶 =
4𝜋𝜀0

1
𝑅1

−
1

𝑅2

= 4.49 × 10−12𝐹 

(c) Total electrostatic energy: 

𝑊 =
1

2
𝐶𝑉2 =

1

2
𝑄𝑉 = 1.01 × 10−4 J 

 

 


